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DISK ARRAY APPARATUS AND METHOD 
FOR CONTROLLING THE SAME 



CROSS-REFERENCE TO RELATED APPLICATION 

This application is related to Japanese 
Patent Application No. 2003-145111, filed on May 22, 
2003, the contents of which are incorporated herein by 
5 reference in its entirety. 



BACKGROUND OF THE INVENTION 
Field of the Invention 

The present invention relates to a disk array 
apparatus and a method for controlling the disk array 
10 apparatus. 



Description of the Related Art 

The quantity of data to be processed by a 
computer system has been abruptly increased in these 
years. As a disk array apparatus for managing such a 

15 large quantity of data, there has recently come to 
public attention a large-scale disk array apparatus 
wherein a file system is coupled to a disk array 
apparatus of a RAID (Redundant Arrays of Inexpensive 
Disks) management type called mid-range class or 

20 enterprise class which offers a giant storage resource. 
For the purpose of efficiently using and managing such 
a giant amount of data, there has been developed a 



technique by which the disk array apparatus and an 
information processor are connected by means of a 
dedicated network (Storage Area Network, which will be 
referred to as the SAN, hereinafter) to realize high- 
5 speed, large-amount access to the disk array apparatus. 

Meanwhile, in a related disk array apparatus, 
it has been common that only a disk drive having a 
specific type of communication interface is connected 
to one disk controller unit. On the recent market, 

10 however, there are available various types of disk 
drives which are different in their communication 
interface, access speed, etc., i.e., in Standard, 
price, etc. And from the viewpoint of the property, 
investment cost, etc. of a system to be operated, 

15 users 1 increasing need is to freely combine such disk 
drives to form a disk array system having a flexible 
arrangement. At the same time, another need is to 
utilize an existing disk array system more effectively 
by minimizing a modification in the arrangement of the 

20 existing disk array system while allowing the 
aforementioned flexible combination . 

SUMMARY OF THE INVENTION 

In view of such circumstances, it is 
therefore a major object of the present invention to 
25 provide a disk array apparatus which can respond to 
these needs, and also to provide a method for 
controlling such a disk array apparatus. 
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In accordance with an aspect of the present 
invention, the above object is attained by providing a 
disk array apparatus which includes a controller and a 
plurality of disk drives. The controller has a 
5 communication control unit for accepting a data 
input/output request, a disk controller unit for 
controlling a disk drive, and a cache memory for 
temporarily storing data transferred between the 
communication control unit and the disk controller 
10 unit. The plurality of disk drives have different 

communication interfaces and are connected to the disk 
controller unit to communicate with the disk controller 
unit . 

In this case, the disk controller unit has at 
15 least functions of controlling the operations of the 

plurality of disk drives having different communication 
interfaces and monitoring the states or modes of the 
disk drives, which will be explained later. The 
communication interface is, for example, FC-AL (Fibre 
20 Channel Arbitrated Loop) interface, serial ATA 

interface, SCSI1 (Small Computer System Interface 1) 
interface, SCSI2 (Small Computer System Interface 2) 
interface, SCSI3 (Small Computer System Interface 3) 
interface, or ATA (AT Attachment) interface. 
25 In this way, in the case of the disk array 

apparatus of the present invention, various types of 
disk drives having different communication interfaces, 
access speeds and storage capacities, i.e., different 



Standards, prices, etc. can be combined with one disk 
controller unit, and thus an existing disk array 
apparatus can be effectively used while minimizing a 
modification in the arrangement of the disk array 
5 apparatus . 

Other objects and advantages of the present 
invention will become clear as the following 
description of the invention advances as detailed with 
reference to preferred embodiments of the invention as 

10 shown in accompanying drawings. 

In accordance with the present invention, 
there can be provided a disk array apparatus wherein 
various types of disk drives different in their 
communication interface, access speed, etc., i.e., 

15 Standard, price, etc. can be freely combined with one 
disk controller unit, and thus an existing disk array 
apparatus can be effectively used while minimizing a 
modification in the arrangement of the disk array 
apparatus, and also can be provided a method for 

20 controlling the disk array apparatus. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Preferred embodiments of the present 
invention will now be described in conjunction with the 
accompanying drawings, in which: 
25 Figs. 1A and IB are front and back views 

showing an entire arrangement of a storage system in 
accordance with an embodiment of the present invention; 



Figs. 2A and 2B are exploded perspective 
views of a structure of a management terminal in the 
present embodiment ; 

Figs. 3A and 3B show exploded perspective 
views of a physical disk management table in the 
present embodiment; 

Fig. 4 is a perspective view of an LU 
management table in the present embodiment; 

Fig. 5 shows an exemplary hardware 
arrangement of a disk array apparatus in the present 
embodiment; 

Fig. 6 is a circuit diagram of the disk array 
apparatus in the present embodiment; 

Fig. 7 shows an example of a setting display 
screen in the present embodiment; 

Fig. 8 shows an example of a disk drive 
management table in the present embodiment; 

Fig. 9 shows an exemplary of a hardware 
arrangement of the present embodiment used as an SES 
drive ; 

Fig. 10 shows a circuit configuration of an 
additional casing A 30 which accommodates only a SATA 
drive in the present embodiment; 

Fig. 11 is a flow chart for explaining the 
exchanging operation of the SES drive in the present 
embodiment; and 

Fig. 12 is a flow chart for explaining a 
processing sequence of control of the operation of the 
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disk drive and the cooling capability of a cooling fan 
66 in the present embodiment. 



DESCRIPTION OF THE EMBODIMENTS 

The present invention will be detailed in 
5 connection with embodiments of the invention with 
reference to the accompanying drawings. 
1. Apparatus Arrangement 

Fig. 1A is a front view of a disk array 
apparatus 10 to be explained in an embodiment of the 

10 present invention, Fig. IB is a rear view of the disk 
array apparatus 10, Fig. 2A is a perspective view when 
viewed from the front side of a basic casing 20 mounted 
in the disk array apparatus 10, Fig. 2B is a 
perspective view when viewed from the rear side of the 

15 basic casing 20, Fig. 3A is a perspective view when 

viewed from the front side of an additional casing 30 
to be mounted in the disk array apparatus 10, and Fig. 
3B is a perspective view when viewed from the back side 
of the additional casing 30. 

20 As shown in Figs. 1A and IB, the disk array 

apparatus 10 includes a rack frame 11 as its base. A 
plurality of stages of mount frames 12 are provided 
inside of left- and right-side inner surfaces of the 
rack frame 11 as arranged to be stacked in a vertical 

25 direction, each mount frame is formed in a back-and- 
front direction, and a basic casing 20 and additional 
casings 30 are mounted along the mount frames 12 to be 



drawn or inserted therein in a drawer-like manner. As 
shown in Figs. 2A and 2B, boards and units for offering 
various types of functions to the disk array apparatus 
10 are mounted in the basic casing 20 and additional 
casing 30. 

As shown in Fig. 2A, a plurality of disk 
drive units 52 each having a disk drive 51 provided 
therein are mounted as arranged in a row on the front 
upper stage of the basic casing 20. In the present 
embodiment, the disk array apparatus 10 includes a 
plurality of disk drives 51 having different 
communication interfaces. The disk drive 51 is, e.g., 
of a type having a communication interface having a 
communication function based on FC-AL Standard, SCSI1 
(Small Computer System Interface 1.) Standard, SCSI2 
Standard, SCSI3 Standard, ATA (AT Attachment) Standard, 
or serial ATA (Serial ATA: SATA) Standard. 

A battery unit 53, a display panel 54 for 
displaying the operating mode, etc of the disk drive 
51, and a flexible disk drive 55 are mounted on the 
front lower stage of the basic casing 20. A secondary 
battery is built in the battery unit 53. The battery 
unit 53 functions as a backup power source which 
supplies power to the board or unit when power supply 
from an AC/DC power supply 57 is interrupted due to a 
power failure or the like. Display devices including 
an LED indicator or lamp for indicating the operating 
mode of the disk drive 51 are provided on the display 



panel 54. The flexible disk drive 55 is used as when a 
maintenance program is loaded. 

As shown in Fig. 2B, one power controller 
board 56 is mounted on each of both sides of the upper 
stage of the back side of the basic casing 20. The 
power controller board 56 is connected to communicate 
with the plurality of disk drives 51. The power 
controller board 56 and the plurality of disk drives 51 
are connected by a loop communication line such as, 
e.g., a communication line based on the FC-AL scheme 
(topology) to communicate with each other. 

Mounted on the power controller board 56 are 
a PBC (Port Bypass Circuit) 160 for controlling an FC- 
AL 150 formed between the disk drives 51 as well as a 
circuit for monitoring the states of the AC/DC power 
supply 57 and disk drives 51, for controlling power 
supply of the disk drives 51, for controlling the 
cooling capability of a cooling device, for controlling 
display devices on the display panel 54, and for 
monitoring the temperature of each casing. In this 
connection, the cooling device is a device for cooling 
the interior of the disk array apparatus 10 and the 
interiors of the casings 20 and 30, such as, e.g., an 
intercooler, a heat sink or an air-cooling type cooling 
fan. 

A connector 67 for a fiber channel cable is 
provided to the power controller board 56, and a fiber 
channel cable 91 forming part of the line of the FC-AL 



150 is connected to the connector 67. In this 
connection, the details of the FOAL 150 is 
incorporated, for example, in JP-A-2001-167040 
(corresponding to U.A. Patent Application No. 
5 09/608,151), JP-A-2001-337868, or JP-A-2001-222385 

(corresponding to U.S. Patent Application No. 09/758684 
published as U.S. Patent Application Publication 
US2001/0014956A1) . 

As shown in Fig. 2B, two of the AC /DC power 

10 supplies 57 are mounted side by side in a space defined 
by two of the power controller boards 56 on the back 
sides of the upper stage of the basic casing 20. The 
AC/DC power supplies 57 supply power to the disk drives 
51, boards, unit, etc. The AC/DC power supplies 57 are 

15 connected to the power controller boards 56 to supply 
power to the respective disk drives 51 according to 
signals from the power controller boards 56. 

For the purpose of getting security of the 
power supply of the respective casings 20 and 30, in 

20 the present embodiment, two -of the power controller 

boards 56 and two of the AC/DC power supplies 57 have 
been redundantly mounted in the basic casing 20 and 
additional casing 30 respectively. However, each power 
controller board 56 and each AC/DC power supply 57 may 

25 be mounted to each of the casings. 

A breaker switch 64 for turning ON and OFF 
the output of the AC/DC power supply 57 is provided to 
the AC/DC power supply 57. 
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As shown in Fig. 2B, two wind-assisted 
cooling fan units 58 are mounted side by side as 
located under the AC/DC power supplies 57 respectively. 
One or more cooling fans 66 are mounted in the wind- 
5 assisted cooling fan unit 58. The cooling fan 66 acts 
to supply air into the casing or discharge air 
therefrom to expel heat generated in the disk drives 51 
or AC/DC power supply 57. In this case, the basic 
casing 20 and additional casing 30, and the boards and 

10 units mounted thereto are designed to be formed therein 
with ventilating passages or ports for circulation of 
air within the casings 20 and 30, enabling efficient 
discharging of heat within the casing 20 to the outside 
thereof by the cooling fans 66. Although the cooling 

15 fan 66 can be provided for each of the disk drives 51, 
it is preferable to provide a large cooling fan 66 for 
each casing because the necessary number of chips or 
units can be reduced. 

The wind-assisted cooling fan unit 58 is 

20 connected to a control board 59 or wind-assisted 

cooling fan unit 58 by a control line 48 so that the 
control board 59 or power controller board 56 controls 
the rotational speed of the cooling fan 66 of the wind- 
assisted cooling fan unit 58 through the control line 

25 48. 

As shown in Fig. 2B, a single piece of 
control board 59 is mounted onto the lower stage of the 
back side of the basic casing 20. Mounted on the 



control board 59 are a communication interface with the 
disk drives 51 mounted in the basic casing 20 and 
additional casing 30, a circuit for controlling the 
operations of the disk drives 51 (e.g., based on a RAID 
scheme) or for monitoring the modes of the disk drives 
51, and so on. 

In the present embodiment, though the power 
controller board 56 is provided to control the power 
supply to the disk drives 51 and the cooling capability 
of the cooling device, such control may be carried out 
by the control board 59. 

In the present embodiment, further, an 
interface board 61 having a communication interface 
function with a host computer 300 based on, e.g., the 
SCSI Standard or fiber channel Standard, a cache memory 
62 for storing therein data to be written or read out 
to or from the disk drives 51, and so on are mounted on 
the control board 59. However, these elements may be 
mounted to another board. 

Mounted to the interface board 61 mounted on 
the control board 59 is an external connector 63 which 
is based on a predetermined interface Standard of a 
fiber channel, a SAN (Storage Area Network) or LAN 
(Local Area Network) according to the protocol such as 
Ethernet (registered trademark), or SCSI for connection 
with the host computer 300. The host computer 300 is 
connected to the interface board 61 at the external 
connector 63 connected to a communication cable 92. 
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In this connection, for the purpose of 
getting security of control of the disk drives 51 of 
the basic casing 20, two of the control boards 59 may 
be redundantly mounted. 
5 As shown in Fig 3A, a plurality of disk drive 

units 52 having disk drives 51 accommodated therein are 
mounted in a row in the front side of the additional 
casing 30. As shown in Fig. 3B, the single power 
controller board 56 is mounted on each of right and 

10 left sides of the back of the additional casing 30. 
Also provided in a space defined by the two power 
controller boards 56 are two of the AC/DC power 
supplies 57 side by side. Two of the cooling fan units 
58 are mounted under the AC/DC power supplies 57 side 

15 by side. The breaker switch 64 for turning ON or OFF 
the output of the associated AC/DC power supply 57 is 
provided to the associated AC/DC power supply 57. 

As has been explained above, in the present 
embodiment, for the purpose of getting security of the 

20 power supply of the additional casing 30, the two power 
controller board 56 and the two AC/DC power supplies 57 
are redundantly mounted in the additional casing 30 
side by side each two. However, the single power 
controller board 56 and the single AC/DC power supply 

25 57 can be mounted in the additional casing. Further, 
the functions of the power controller board 56 
including the control of the power supply to the disk 
drives 51 and the control of the cooling capability of 
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the cooling device may be provided to the control board 
59. 

Fig. 4 shows an example of the structure of 
the disk drive 51 accommodated in the disk drive unit 
5 52. The disk drive 51 includes a casing 70, a magnetic 
disk 73, an actuator 71, a spindle motor 72, a head 74 
for reading or writing data, a mechanism control 
circuit 75 for controlling the mechanical part of the 
head 74, etc., a signal processing circuit 76 for 

10 controlling a data read/write signal to the magnetic 
disk 73, a communication interface circuit 77, an 
interface connector 79 through which various commands 
or data are input or output, a power connector 80, all 
accommodated in the casing 70. 

15 The disk drive 51 is, for example, a 3.5- 

inch-sized magnetic disk of a contact start/stop (CSS) 
type or a 2 . 5-inch-sized magnetic disk of a load/unload 
type. The 3.5-inch magnetic disk has a communication 
interface based on, e.g., SCSI1, SCSI2, SCSI3 or FC-AL. 

20 The 2.5-inch magnetic disk, on the other hand, has a 
communication interface based on, e.g., serial ATA or 
ATA. 

When the 2.5-inch magnetic disk is 
accommodated in the casing 20 or 30 of the disk array 
25 apparatus 10, it may be accommodated in a container 

having a 3.5 inch shape. With it, the shock resistance 
performance of the magnetic disk can be increased. In 
this connection, the 2.5- and 3.5-inch magnetic disks 



are different not only in their communication interface 
but also in the I/O performance, power consumption, 
life, etc. When compared with the 3,5-inch magnetic 
disk, the 2.5-inch magnetic disk has a bad 1/0 
5 performance and a short life. When compared with the 
3.5-inch magnetic disk, however, the 2.5-inch magnetic 
disk is superior thereto in that it has less power 
consumption . 

2. Hardware Arrangement of Disk Array Apparatus 
10 Fig. 5 is a block diagram of a hardware 

arrangement of the disk array apparatus 10 for 
explaining it as an embodiment of the present 
invention. 

As shown in Fig. 5, the disk array apparatus 
15 10 is connected with the host computer 300 via a SAN 

200, and also connected with a management computer 500 
via a LAN 400. The host computer 300 is an apparatus 
which accesses the disk array apparatus 10, such as a 
personal computer, a work station or a mainframe 
20 computer. The management computer 500, which is a 
computer for operating and managing the disk array 
apparatus 10, is connected to the disk array apparatus 
10 via the LAN (Local Area Network) 400. The LAN 400 
is a network which is connected between the disk array 
25 apparatus 10 and management computer 500 to perform 
communicating operation based on a protocol such as, 
e.g., TCP/IP. In this connection, it is not 
necessarily required that the management computer 500 
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be connected by a communication means such as the LAN 
400, but the management computer 500 may be connected 
by means of a communication line or bus line based on 
the SCSI (Small Computer System Interface) Standard or 
5 in a peer-to-peer relationship. 

The disk array apparatus 10, which is 
managed, e.g., by a system center, data center or the 
like in a company or corporation, functions as an 
apparatus for previously storing data to be processed 

10 by the host computer 300. The host computer 300 in 
turn is a computer which offers such a service as, 
e.g., an automatic deposit /payment service in a bank or 
a homepage browsing service in the Internet.. 

The disk array apparatus 10 and host computer 

15 300 are connected by the SAN 200. The SAN 200 is a 
network which is connected between the disk array 
apparatus 10 and host computer 300 to communicate with 
each other according to, e.g., a fiber channel 
protocol . 

20 <Disk Array Apparatus> 

The disk array apparatus 10 is a computer 
having a CPU (Central Processing Unit) and a memory. 
When various programs are executed under control of the 
CPU of the disk array apparatus 10, various functions 

25 can be implemented. The disk array apparatus 10 

performs control over disk drives 51a and 51p according 
to a command received from the host computer 300. For 
example, when receiving an input/output request of data 
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sent from the host computer 300, the apparatus perform 
performs data input/output operation over the disk 
drives 51a and 510. The data is stored in a logical 
volume as a storage area logically set on physical 
5 storage areas provided by the disk drives 51a and 51(3 
of he disk array apparatus 10. The disk array 
apparatus 10 also sends or receives various commands to 
and from the host computer 300 to manage the disk array 
apparatus 10. 

10 The disk array apparatus 10 includes the 

basic casing 20 and one or more of the additional 
casings 30, as has already been explained. In the 
present embodiment, the basic casing 20 has a 
controller 100, disk drives 51a, an FC-AL 150, port 
15 bypass switches 160, and terminals 180. The controller 
100 has a communication control unit 110, a disk 
controller unit 120, a cache memory 62, and a bus 140. 
The controller 100 is mounted on the above control 
board 59. The additional casing 30 has disk drives 
20 51p, an FC-AL 150, port bypass switches 160, converters 
17 0 and terminals 18 0 . 

The communication control unit 110 has an 
interface for communication with the host computer 300. 
The interface of the communication control unit 110 is, 
25 for example, a host bus adaptor (HBA) which connects 
the disk array apparatus 10 to the SAN 200. As a 
result, the disk array apparatus 10 can transmit or 
receive various data input/output commands or data to 



or from the host computer 300. The interface of the 
communication control unit 110 is such a communication 
interface board 61 as mentioned above. 

The bus 140 is wired between the 
communication control unit 110, disk controller unit 
120 and cache memory 62 to mutually connect these. 
Data transfer between the communication control unit 
110, disk controller unit 120 and cache memory 62 is 
carried out via the bus 140. 

The cache memory 62 is a memory element to be 
used by the communication control unit 110 and disk 
controller unit 120. The cache memory 62 is used to 
temporarily store data transferred between the 
communication control unit 110 and disk controller unit 
120. Since the communication control unit 110 or disk 
controller unit 120 uses the cache memory 62, the data 
writing or reading operation can be efficiently carried 
out . 

The terminal 180 provided to the basic casing 
20 or additional casing 30 is a metal fitting which 
connects together a connection line in the basic casing 
20 and a connection line in the additional casing 30. 
Data or command transfer between the disk controller 
unit 120 of the basic casing 20 and the disk drive 510 
accommodated in the additional casing 30 is carried out 
via the terminals 180. 

The disk controller unit 120 executes 
operations of writing or reading out data in or from 
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the disk drives 51a and 51(3 in response to a data 
input/output request from the communication control 
unit 110. The disk controller unit 120 writes data 
read out from the disk drives 51a and 5ip in the cache 
5 memory 62. Further, the disk controller unit 120 
acquires data written in the cache memory 62 by the 
communication control unit 110 and writes it in the 
disk drives 51a and 51p. 

The disk controller unit 120 may have such a 
10 function as to control the disk drives 51a and 5ip at a 
so-called RAID (Redundant Array of Inexpensive Disks) 
level (e.g., 0, 1, 5) prescribed in the so-called RAID 
system. 

Further, the disk controller unit 120 may 
15 perform management control of a copy of data stored in 
the disk drives 51a and 5ip or backup control thereof. 

In addition, for the purpose of preventing 
data disappearance or loss due to occurrence of a 
disaster (disaster recovery) , the disk controller unit 
20 120 may have a function (data replication function 

(remote copy) ) of storing a copy of data of the disk 
array apparatus 10 at a primary site also in another 
disk array apparatus installed at a secondary site. 

The FC-AL 150, which is one of fiber channel 
25 systems (topologies) , acts to connect the disk 

controller unit 120 and disk drives 51a and 5ip by a 
loop-like connection line (transmission line) to 
communicate with each other. In this connection, the 



disk controller unit 120 and disk drives 51a and 5ip 
may be communicably connected with each other by means 
of an FC-AL hub or directly by a connection line such 
as a fiber channel cable. 
5 The FC-AL 150 has a plurality of port bypass 

switches (PBC ! s) 160. The PBC 160 has a main function 
of connecting the disk controller unit 120 and a 
plurality of disk drives 51a and 51(3 by the FC-AL 150. 
The PBC 160, which is an electronic switch in the form 

10 of a chip,, also has a function of bypassing the disk 
controller unit 120 and disk drives 51a and 51(i to 
electrically remove the disk controller unit and disk 
drives 51a and 5ip from the FC-AL 150. More 
specifically, the PBC 160 separates the disk drive 51, 

15 which became faulty, from the FC-AL 150 thus enabling 
communication between another disk drive 51 and disk 
controller unit 120. 

The PBC 160 also enables insertion and 
removal of the disk drive 51 with such a condition that 

20 the operation of the FC-AL 150 remains. For example, 

when the disk drive 51 is newly mounted, the disk drive 
51 is incorporated into the FC-AL 150 to enable 
communication with the disk controller unit 120. In 
this connection, the circuit board of the PBC's 160 may 

25 be provided to the rack frame 11 of the disk array 
apparatus 10, or all or some of the PBC's may be 
mounted to the control board 59 or power controller 
board 56. 
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Accommodated in the disk array apparatus 10 
are the plurality of disk drives 51a and 5ip having 
different communication interfaces (different 
communication Standards) for communication with the 
5 disk controller unit 120. The communication Standards 
of the communication interfaces possessed by the disk 
drives 51a and 5ip include, for example, fiber channel 
(FC), SCSI1 (Small Computer System Interface 1), SCSI2 , 
SCSI3, ATA (AT Attachment) and Serial ATA (SATA) . In 

10 the present embodiment, the disk drives 51a have a 

fiber channel interface and the disk drives 51p have an 
SATA interface. However, the present invention is not 
limited to the specific example. 

The converter 170 is a device which converts 

15 data or signal to make the communication interface not 
adapted to the communication scheme of the 
communication line with the disk controller unit 120 
confirm to the aforementioned communication scheme. 
The converter 170 is, for example, an SCSI-ATA (IDE: 

20 Integrated Device Electronics) converter, an FC-SATA 
converter, or an ATA ( IDE) -SATA converter. When the 
disk drive 5ip is connected to the FC-AL via the 
converter 170, the disk drive 5ip can communicate with 
the disk controller unit 120. The converter 170 may 

25 also be provided in such a form as to be built in the 
disk drive 51p, or may also be provided in such a form 
as to be installed outside of the disk drive 51p. 
<Management Computer > 
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The management computer 500 is a computer for 
maintaining and managing the disk array apparatus 10 
connected thereto by the LAN 400. The management 
computer 500 is, for example, a personal computer, a 
5 workstation, a mainframe computer or the like. 

The management computer 500 has a CPU, a 
memory and so on, and the CPU of the management 
computer 500 performs general control over the 
management computer 500 in such a manner that the 

10 computer realizes various functions by executing 
various programs stored in the memory. 

When the operator operates the management 
computer 500, for example, he can set the arrangements 
of the disk drives 51a and 51(J, manage or set logical 

15 volumes (capacity management, capacity extension or 

reduction, assignment of the host computer 300, etc.), 
and so on. As an example of setting the arrangements 
of the disk drives, addition or reduction of the number 
of disk drives 51a and 51(3 or modification of the RAID 

20 configuration (e.g., modification from RAID1 to RAID5) 
can be carried out. Further, the confirmation of the 
operating mode of the disk array apparatus 10 or the 
identification of a fault location can also be done. 
These settings are realized by the operator who uses 

25 the Web page offered by the Web server operated by the 
management computer 500 as a user interface. The 
management computer 500 may also be provided in such a 
form as to be built in the disk array apparatus 10 or 



in such a form as to be installed outside thereof. 

The management computer 500 may be used as a 
computer for exclusive maintenance and management of 
the disk array apparatus 10 and disk drives 51a and 
51p, or such maintenance/management functions may be 
provided to a general purpose computer. 

From the above reasons, in the case of the 
disk array apparatus 10 of the present invention, 
various types of disk drives different in communication 
interface, access speed, storage capacity and price can 
be freely combined with the single disk controller 
unit, and modification in the arrangement of an 
existing disk array apparatus can be minimized and thus 
the existing apparatus can be effectively used. 
3. Circuit Configuration 

In such a condition that the basic casing 20 
and additional casing 30 are mounted in the rack frame 
11, the boards and units mounted in these casings 20 
and 30 are wired by internal wiring lines or circuits 
(not shown) provided to the rack frame 11 or by 
external wiring lines to thereby establish such a 
circuit as shown in Fig. 6. In this drawing, thick 
lines indicate the FC-AL's 150, thin lines indicate the 
control lines 48, and dashed lines indicate power 
supply lines 49, respectively. Provided on the FC— AL 1 s 
150 are terminals (e.g., connectors) 190 for connection 
with the disk drives 51a and 510 and the boards and 
units of the disk controller unit 120. The disk 
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controller unit 120 is provided in the form of a 
circuit including a CPU, a protocol control chip, 
memories such as RAM and ROM and mounted on the control 
board 59; and functions to control and monitor the disk 
5 drives 51a and 51p mounted in the basic casing 20 and 
additional casings A and B (30) . 

A main switch 85 is provided, e.g., on the 
front side of the basic casing 20, so that, when the 
control board 59 is mounted to the basic casing 20 for 

10 example, an output signal line 87 of the main switch 85 
is connected to the disk controller unit 120. In this 
connection, the main switch 85 may also be provided to 
the rack frame 11, in which case, the basic casing 20 
is mounted to the rack frame 11. For this reason, the 

15 output signal line 87 can also be connected to the disk 
controller unit 120. 

A power controller 81 is mounted on the power 
controller board 56. The power controller 81 has 
memories such as CPU, RAM and ROM and also has various 

20 types of control chips. The power controller 81 has 

wiring lines connected to the wind-assisted cooling fan 
unit 58 and AC/DC power supply 57. The power 
controller 81 controls and monitors such boards and 
units mounted in the basic casing 20 and additional 

25 casings A and B (30) as the wind-assisted cooling fan 
unit 58, AC/DC power supply 57 and disk drives 51a and 
51(3. 

The power controller 81 for each of the 



casings 20 and 30 is connected directly to the disk 
controller unit 120 via the control line 48. The power 
controller 81 may also be connected to the disk 
controller unit 120 via an SES drive to be explained 
later . 

The power controller 81, in response to a 
power supply signal or power cut-off signal of the disk 
drives 51a and 5ip received from the disk controller 
unit 120, transmits to the AC/DC power supply 5 a 
signal indicative of power supply to the respective 
disk drives 51a and 5ip or a signal indicative of power 
cut-off to the disk drives 51a and 51p. As a result, 
the AC/DC power supply 57 can supply power to the disk 
drives 51a and 5ip or can stop power supply thereto. 

At the same time, according to the operating 
modes of the disk drives 51a and 51p accommodated in 
the casings, the power controller 81 controls the 
rotational speed of the cooling fan 66. In this 
connection, the control of the rotational speed of the 
cooling fan 66 may be carried out in units of each of 
the disk drives 51a and 51p or in units of each casing. 
The control of the rotational speed of the cooling fan 
enables reduction of power consumption of the 
apparatus. Further, since the rotational speed of the 
cooling fan is controlled depending on the operating 
modes of the disk drives 51a and 51p, the present disk 
array apparatus can realize noise prevention more 
effectively than a disk array apparatus not for 



controlling the rotational speed. 
4 . Operation 

<Operating Mode of Disk Drive> 

The disk drive 51, when receiving a command 
from the disk controller unit 120, is switched to any 
one of operating modes of "ready", "not ready" and 
"power off". The disk drive 51 operating in the 
"ready" mode can accept read/write command of data sent 
from the disk controller unit 120. The disk 73 of the 
disk drive 51 operating in the "ready" mode is rotating 
with a rotational speed necessary for data 
reading/writing (spin up state) . The average power 
consumption of the disk drive 51 becomes maximum when 
the disk drive is operating in the "ready" of the above 
three modes. 

When the disk drive 51 is operating in the 
"not ready" mode, the disk drive 51 is not rotating 
with a rotational speed necessary for the data 
reading/wring (spin down state) . The disk drive 51 
operating in the "not ready" mode cannot accept a 
command relating to the data reading/writing, but can 
accept a specific type of command such as, e.g., a 
command indicative of shift to the "ready" mode. The 
average power consumption of the disk drive 51 
operating in the "not ready" mode is less than that in 
the "ready" mode. 

When the disk drive 51 is in the "power off" 
mode, the disk drive 51 cannot accept a command sent 



from the disk controller unit 120. Further., the 
rotation of the disk 73 of the disk drive 51 is 
completely stopped. The average power consumption of 
the disk drive 51 is zero in the "power off" mode. 

The aforementioned operating mode of the disk 
drive 51 can be changed, for example, by an operator 
who operates a setting display screen presented by a 
software program run by the management computer 500. 
An example of such setting screen is shown in Fig. 7. 
Since the operating mode of each of the disk drives 51 
can be controlled on the setting screen, the operation 
and management of the apparatus can be improved. 

The scheme of the communication interface of 
the disk drive 51 in Fig. 7 can be acquired by the 
following method. That is, when the disk controller 
unit 120 inquires the disk drive 51 accommodated in the 
basic casing 20 and additional casing 30 via the FC-AL 
150 (e.g., by polling), the disk controller unit can 
know the scheme (standard) of the communication 
interface of the each disk drive 51. For example, when 
a command is sent to the each disk drive 51, the type 
of the communication interface scheme is set to be 
informed from the disk drive 51. The disk controller 
unit 120 stores the type of the communication interface 
Standard informed from the disk drive 51 in a disk 
drive management table as associated with the 
corresponding disk drive 51. The disk drive management 
table is stored, for example, in the memory or the disk 



drive 51. Fig. 8 shows an example of the disk drive 
management table. Recorded in the disk drive 
management table are identifiers of the disk drives 51 
accommodated in each casing, communication interface 
schemes of the disk drives 51, and operating modes of 
the disk drives 51. In this connection, the above 
inquiry may be carried out when the disk array 
apparatus 10 is operated or when the user mounts the 
disk drive 51 in the casing 20 or 30. 

With it, the disk controller unit 120 can 
control the operating mode of each disk drive. 
Further, the disk controller unit 120 can also control 
such operating mode in units of a group of disk drives 
or in units of casing. As a result, the disk drives 
can be grouped according to their usage purpose to form 
groups of drives or a casing for exclusive backup or 
fix contents which can temporarily save power. For 
example, such drives having a short life as SATA drives 
can be used as drives exclusively for backup or fix 
contents, such drives can be collectively controlled so 
that the drives are put in the "power off" mode when 
not used or are operated in the "ready" mode as 
necessary. As a result, not only the use power can be 
reduced but also the life of the drives can be unified 
and the average life of the drives can be secured, thus 
increasing its maintenance efficiency. Furthermore, 
since the operating modes of the disk drives can be 
controlled in units of disk drive group, the operation 
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and management of the apparatus can also be improved. 
<SES Drive> 

Shown in Fig. 9 is an example when the disk 
drives 1 to 4 (51a) of the additional casing A 30 are 
5 used as SES drives. In the present embodiment, it is 
assumed that the power controller 81 and disk 
controller unit 120 are connected by the SES drives. 
The word "SES (SCSI Enclosure Services) drive" refers 
to such a disk drive 51 that causes the disk controller 

10 unit 120 and the power controller 81 for control of the 
power supply of the disk drive 51 to be connected to 
each other communicably with each other. 

The SES drive has an SES (SCSI Enclosure 
Services) or ESI (Enclosure Service I/F) prescribed in 

15 SCSI3 (Small Computer System Interface 3) Standard. 
And the SES or ESI function can be activated by 
connecting predetermined signal pins of the interface 
connector 79. 

In the present embodiment , the disk drives 1 

20 to 4 (51a) of the additional casing A 30, i.e., FC 

drives are employed as SES drives as shown in Fig. 9, 
but the disk drives 51 having another communication 
interface may be used as the SES drives. Further, one 
or a plurality of disk drives 51 may be used as SES 

25 drives. In the present embodiment, the disk drives 5 
to 8 (510) of the additional casing A 30 as shown in 
Fig. 9 are of a SATA type. 

In this way, since the SES function is 



provided to the specific disk drive (s) 51, the need for 
provision of the control line 48 for connection between 
the disk controller unit 120 and power controller 81 
can be eliminated. Further, The disk controller unit 
5 120 can control the operating mode of another disk 
drive via the SES drive. 

When the SES drives are fixed to certain 
specific disk drives 51 as mentioned above, the life of 
the disk drives 51 can be shortened remarkably. To 

10 avoid this, it is considered to operate as rotationally 
shifted the disk drives 51 functioning as the SES 
drives. By operating the disk drives 51 as 
rotationally shifted in this way, the life of the SES 
drives can be prolonged. Explanation will next be made 

15 as to the rotational shift use of the SES drives. 
<Rotational Shift of SES Drives> 

Explanation will be made as to a mechanism 
wherein SES drives in the additional casing A 30 having 
the SATA drives alone housed therein are shifted by 

20 rotation under control of a software program, by 

referring to Fig. 10. The drawing shows a circuit 
configuration of the additional casing A 30 having the 
SATA disk drives (disk drive A to F) (510) housed 
therein . 

25 A signal for control of power or the like is 

applied to a terminal 1 (190) from the basic casing 20 
via the FOAL 150. The signal arrives at the power 
controller 81 via a terminal 3 (190), SES drive (SATA 



drive A) 51p and control line 48. At this time, since 
the SATA drive A (510) is operating in the "ready" or 
"not ready" mode, the signal for control of power or 
the like can arrive at the power controller 81 via the 
disk drive A (510) . 

The power controller 81, when receiving the 
power control signal from the basic casing 20, controls 
the power supply to the power fan, the rotational speed 
of the fan, etc. In this case, it is assumed that 
power is already supplied to the SATA drive A (510) , 
power controller 81 and cooling fan 66 in an initial 
state. Further the cooling fan 66 is operating in a 
low-power-consumption mode. 

When receiving a signal from the basic casing 
20 to the additional casing 30 to put the respective 
disk drives 510 in the "ready" mode, the power 
controller 81 changes the rotational speed of the 
cooling fan 66 to a value in its normal operation and 
controls switches SW2 to SW6 (195) to start power 
supply to the SATA drives B-F (510) . 

Explanation will next be made as to how the 
power controller 81 changes the SES drive from the SATA 
drive A (510) to the SATA drive B (510). Fig. 11 shows 
an example of a SES drive changing procedure. As shown 
in Fig. 11, when receiving a signal from the basic 
casing 20 to change the SES drive to another disk drive 
510 and to put the latter drive in the "power off" mode 
(SHOO), the power controller 81 controls the switches 



SW1 and SW3 to SW6 (195) to stop power supply to the 
SATA drive A (510) and to the SATA drives C-F (510) 
(S1101) . Thereafter, the operation of the SATA drive B 
is controlled to be in the "not ready" mode (S1102) and 
5 the rotational speed of the cooling fan 66 is operated 
in the low-power-consumption mode (S1103), whereby the 
additional casing 30 is put in the "power off" mode 
(low-power-consumption operational mode) . Next, when a 
signal for control of power or the like comes from the 

10 basic casing 20, the signal is transmitted to the power 
controller 81 via the SATA drive B (510) . 

In this connection, the apparatus is designed 
so that, in response to operator's instruction, the 
signal indicative of the change of the SES drive to be 

15 received by the power controller 81 can be transmitted 
to the power controller 81 from the basic casing 20, 
but the signal can also be transmitted from the basic 
casing 20 at the timing set by the user. 

As mentioned above, when the power controller 

20 81 receives the signal indicative of change of the SES 
drive from the basic casing 20, the SES drive is 
changed from the SATA drive A (510) to the SATA drive B 
(510) . As the SES drive changing operation is carried 
out sequentially from the SATA drive A (510) to another 

25 SATA drive (510) , the SES drive is sequentially 

changed. Since the SES drive is sequentially changed 
in this way, the lives of the disk drives 510 can be 
made equal to each other. However, the method of 
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shifting the SES drive by rotation is not limited to 
the above specific method, but another method can be 
considered readily by those skilled in the art in the 
form of a circuit configuration or the like. 
5 <Basic Operation of Disk Array Apparatus> 

Since the disk controller unit 120 
communicates with the disk drive 51 housed in the basic 
casing 20 and additional casing A 30 via the FC-AL 150, 
the disk controller unit 120 can know whether disk 

10 drive 51 is in any of the modes "ready", "not ready" 

and "power off". Further, the disk controller unit 120 
transmits a command to the disk drive 51 to control the 
operation of the disk drive 51. In this connection, 
the communication for the mode grasp and control is 

15 carried out according to a protocol such as FC-AL or 
FCP (Fiber Channel Protocol for SCSI) . The disk 
controller unit 120 also controls the cooling ability 
of the cooling fan 66 according to the operational mode 
of the disk drive unit 52. 

20 Such control is carried out, for example, 

when the user wants to change the operational mode of a 
specific disk drive 51 on such a setting display screen 
as shown in Fig. 7 or when a data write/read request is 
issued from the host computer 300 to the disk drive 51 

25 in the "power off" mode. Such control is also carried 
out even when data stored in the disk drive 51 (put in 
the "ready" mode) is to be stored in the disk drive 51 
(in the "power off" mode) for exclusive backup in 
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response to user's instruction or the like. 
Explanation will be made below in connection with an 
example of a processing sequence wherein, in response 
to user's backup' instruction or the like, how the 
5 operation of the disk drive 51 and the cooling ability 
of the cooling device are controlled. 

Fig. 12 shows a flow chart for explaining a 
processing sequence to control the operation of the 
disk drive and the cooling ability of the cooling fan 
10 66. 

The management computer 500 first transmits a 
backup request to the disk array apparatus 10 via the 
LAN 400 for backup. The disk array apparatus 10, when 
receiving the backup request, refers to the disk drive 

15 management table stored in the memory or disk drive 51, 
confirms the operational mode of the disk drive 51(5 as 
a backup destination, and starts its backup operation. 
In this case, it is assumed in its initial state that 
the disk drive 5ip housed in the additional casing A 30 

20 is put in the "power off" mode and the cooling fan 66 
is operating in the "low-power-consumption" mode. It 
is also assumed that the disk drive 51a housed in the 
basic casing 20 is put in the "ready" mode and the 
cooling fan 66 is operated in the normal mode. 

25 When the disk array apparatus 10 receives the 

backup request (S1200), the apparatus transmits a 
command to the power controller 81 of the. additional 
casing A 30 via the control line 48 to increase the . 
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rotational speed of the cooling fan 66. The power 
controller 81, when receiving the signal, increase the 
rotational speed of the cooling fan 66 (S1201) . 
Further, the rotational speed of the cooling fan 66 at 
5 this stage may be previously increased to a level 

necessary for dissipation of heat to be generated when 
the disk drive 5ip specified by the operator is put 
eventually in the "ready" mode. Thereby, the operation 
of the disk drive 51p is shifted to the "ready" mode 

10 faster than the increase of the rotational speed of the 
cooling fan 66, thus preventing the temperature 
increase within the casing. Also the rotational speed 
of the cooling fan 66 may be gradually increased 
depending on the rising condition of the disk drives 

15 5ip specified by the operator. When it is desired to 
adjust not the rotational speed but the number of 
driven cooling fans 66, it is also possible to 
gradually increase the number of cooling fan 66 to be 
driven according to the rising condition of the disk 

20 drive 5ip. In this way, since the cooling fans 66 can 
be driven in a condition sufficient in the then 
circumstances, power saving and noise reduction can be 
realized more effectively. 

The disk controller unit 120 then transmits a 

25 command to the power controller 81 via the control line 
48 to instruct the power controller 81 to start power 
supply to the disk drive 5ip specified by the operator. 
The power controller 81, when receiving the command, 
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controls the AC /DC power supply 57 to start the power 
supply to the disk drive 5ip specified by the operator 
(S1202) . As result, the disk drive 5ip is shifted from 
the "not ready" mode to the "ready" mode. 
5 The disk controller unit 120 is monitoring 

the operational state of the disk drive 5ip by inquiry 
(e.g., by polling) via the control line 48. And as 
soon as the disk controller unit 120 recognizes the 
fact that the disk drive 5ip was put in such a 

10 condition as able to read or write data, the disk 

controller unit starts operation of causing the data 
stored in the disk drive 51a specified by the operator 
to be stored in the associated disk drive 51(3 (S1203) . 
When the disk controller unit 120 recognize the end of 

15 the above operation, the disk controller unit transmits 
a command to the disk drive 5ip via the control line 48 
to shift the disk drive 5ip from the "ready" mode to 
the "power off" mode (S1204) . As a result, the disk 
drive 51p is put in the "power off" mode (S1205) . 

20 The disk controller unit 120 is monitoring 

the operational state of the disk drive 5ip by the 
inquiry via the control line 48. And when recognizing 
the fact that the disk drive 5ip- was shifted to the 
"power off" mode, the disk controller unit 120 

25 transmits a command to the power controller 81 of the 
additional casing 30 via the control line 48 to 
decrease the rotational speed of the cooling fan 66 of 
the cooling fan unit 58 mounted in the additional 



casing 30 (S1206) . When receiving the command, the 
power controller 81 reduces the rotational speed of the 
cooling fan 66, for example, by decreasing a drive 
voltage for the cooling fan 66 (S1207) and terminates 
5 its backup operation. 

In this connection, such control can also be 
realized, for example, by the disk drive 51(3 which 
transmits a command to the cooling fan unit 58 to 
reduce its rotational speed, and the control itself can 

10 be carried out by the CPU mounted in the cooling fan 
unit 58. The degree of reduction of the rotational 
speed of the cooling fan 66 may be determined to have a 
sufficient cooling capacity depending on the 
operational mode of the disk drive 5ip. Further, the 

15 number of driven cooling fans 66 may be adjusted by the 
power controller 81 which controls the AC /DC power 
supply 57 depending on the operational state of the 
disk drive 51. 

Furthermore, the rotational speed of the 

20 cooling fan 66 can also be controlled finely depending 
on the operational state of the disk drive 51(3 varying 
from time to time, by the disk controller unit 120 or 
by the power controller 81 of the additional casing 30 
which monitors the operational states of the disk 

25 drives 51(3 in real time or in short intervals. It is 

also possible to automatically set the rotational speed 
at an optimum value based on a temperature detected by 
a sensor or the like. 
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As has been explained above, since the 
operation of the disk drive 51 and the cooling ability 
of the cooling fan 66 can be controlled at a necessary 
time such as backup, power saving and noise reduction 
5 can be realized. 

Although the explanation has been made in 
connection with the present embodiment, the embodiment 
is given only for easy understanding of the present 
invention and thus the present invention is not limited 
10 to the specific example. The present invention can be 
modified and changed without departing from the subject 
matter of the invention, and obviously, numerous 
equivalents thereof are included in the present 
invention. 
15 5. Another Embodiment 

Various functions of the disk controller unit 
120 and power controller 81 as mentioned above are not 
always required to be provided in such a manner as 
mentioned above. Thus provision of the various 
20 functions to the disk controller unit 120 or power 
controller 81 can be freely determined depending on 
various circumstances . 

The cooling device mounted in the basic 
casing 20 or additional casing 30 is not limited to the 
25 aforementioned cooling fan unit 58, but may be, for 
example, a water-cooling type cooler or a Peltier 
(effect) element. 

In another embodiment, the function of the 
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host computer 300 for measuring an access frequency to 
each disk drive 51 may be provided to the disk array 
apparatus 10 so that, when the disk array apparatus 10 
judges that the access frequency to the disk drive 51 
5 (such as SATA drive) usually operating in the "power 
off" mode exceeded a predetermined threshold value, 
data stored in the associated disk drive 51 is stored 
in the disk drive (e.g., FC drive) 51 usually operating 
in the "ready" mode. As a result, the lives of the 

10 drives can be averaged and thus its maintenance 
efficiency can be increased. 

The present invention can also be applied to 
a storage apparatus other than the disk array 
apparatus, for example, even to not disk drives but 

15 storage devices using semiconductor disks as storage 
devices . 

It should be further understood by those 
skilled in the art that although the foregoing 
description has been made on embodiments of the 
20 invention, the invention is not limited thereto and 

various changes and modifications may be made without 
departing from the spirit of the invention and the 
scope of the appended claims. 



